In this retrospective study, a total of 275 solid masses were examined for cytopathologic diagnosis. Twenty four percent (67/275) of these cytologic samples were followed by surgical biopsy and histopathologic diagnosis, allowing for comparisons. On average, the cutaneous and subcutaneous solid masses were recognized when the dogs were aged between 6 and 9 years old. The origins of the solid masses included connective tissue tumors 37.1% (23/62), epithelial tissue tumors 33.9% (21/62), round cell tumors 19.4% (12/62), masses of inflammatory lesions 4.8% (3/62) and lesions due to other causes 4.8% (3/62). The sensitivity and positive predictive value (PPV) of cytopathology in the diagnosis of solid masses were 93% (62/67) and 97% (62/64), respectively. Generally, neo-plasms were over diagnosed by cytopathology as was indicated by the positive predictive value. Both the sensitivity and the PPV of cytopathology comparative to histopathology in the diagnosis of inflammatory processes were 100% (3/3). The inflammatory lesions were eventually confirmed as necrotizing myositis, necro-suppurative cystitis and endocrine inflammatory dermatopathy based on histopathology. Less than 8% (5/67) of samples were incorrectly diagnosed by cytology. The study showed high accuracy between cytological and histopathological examination of solid masses in dogs, and thus a reliable diagnostic tool in patient care.
Introduction
Diagnostic cytology involves the examination of cells which have either naturally exfoliated or have been artificially removed from a body cavity or a tissue mass [1] . The cytological interpretation is often valuable in defining a diagnosis, a disease process, a prognosis, directing therapy and determining any further diagnostic procedures. Some of the advantages of cytopathology over histopathology include the use of minimal equipment and reagents, and a rapid turnaround time. Cytopathology is minimally invasive thus, causing minimal stress levels to the patient [2] [3] . However, cytopathology has been mainly employed as a rapid screening tool, because its interpretation is based upon the distinct characteristics of individual cell populations that lack the source tissue architecture. On the other hand, histopathology usually provides more definitive diagnoses because it allows the study of both the structure and form of a tissue. This difference in the type of diagnostic specimens necessitates comparisons between cytopathologic and histopathologic diagnostic outcomes. A number of studies have been performed to evaluate the diagnostic accuracy of cytopathology compared to histopathology but relatively fewer studies have actually compared the diagnostic properties of cytopathology [4] - [9] . The purpose of this study is to provide further evidence that cytopathology of solid masses provides a powerful and reliable diagnostic tool in clinical and diagnostic settings. Other aims of the study include establishing the mean age of the dogs at the time of diagnosis, as well as to identify the anatomical location that is associated with the solid masses.
Materials and Methods
Approval from the Institutional Animal Care and Use Committee was not sought because this was a retrospective study. Samples of 275 solid masses in dogs submitted to the diagnostic laboratory within the School of Veterinary Medicine at St. George's University between 2008 through 2012 were included in the study. Evaluation was performed on solid masses either by Fine Needle Aspirations (FNA) or impression smear for cytological examination. The smears for cytopathological diagnosis were air dried, fixed with methanol and stained with diff-quik stain. Biopsy specimens from solid masses for histopathological diagnosis were fixed in 10% buffered formalin, processed routinely, embedded in paraffin, sectioned at 5 µm and stained with hematoxylin and eosin (H & E). The results of cytology and histology on 67 specimens were compared.
A diagnosis of a lesion was based on at least three pathologists working together or individually. Using histopathology as the gold standard, a cytopatholgical lesion was characterized as a true positive (TP) if the cytological diagnosis correlated with the histopathological diagnosis, or as a false positive (FP) if a cytological diagnosis was positive, but a negative histopathological diagnosis was obtained, and as a false negative (FN) when a positive histopathology diagnosis was made but no diagnosis was made cytologically. These were entered into 2 × 2 tables, and the sensitivity and positive predictive values of cytopathology compared to histopathology were calculated.
Results
Between 2008 and 2012, the incidence of solid masses was 1.4 per 1000 dogs per year resulting from 275 dogs with solid masses among 3813 dogs examined. There were 36 female dogs and 31 male dogs that were included in the study. It was not possible to calculate the specificity and negative predictive values (NPV) because there were no true negative (TN) animals given that all the dogs included in the study presented with solid masses that were due to either neoplasms or inflammatory processes.
The dogs had an average age of 6 and 7 years when a diagnosis of mast cell tumors and melanoma, respectively was made. Dogs were older (9 years old) when a diagnosis of carcinoma was made compared to mesechymal tumors (7 years old). Mast cells tumors were frequently located in the inguinal region, abdomen and limbs; melanomas were frequently located on eyelid and interdigital spaces; transmissible venereal tumors were mostly genital with a few extra-genital masses and lymphomas were not associated with a specific anatomical location. Solid masses that were associated with carcinomas frequently occurred in the mammary glands, dorsal thorax and abdomen, stomach, neck ears and front and hind limbs, while tumors of mesenchymal origin were located on the prescapular region, abdomen, thorax, liver, spleen and mandibles.
Overall, the sensitivity and PPV of cytopathology in classifying solid masses as inflammatory or neoplastic were 93% (62/67) and 97% (62/64), respectively. Neopalams were over-diagnosed by more than 3%. Specifically, round cell neoplasms, carcinomas and sarcomas had PPV of 92% (12/13), 88% (21/24) and 88% (23/26) and sensitivity of 100% (12/12), 100% (21/21) and 100% (23/23), respectively. Less than 8% (5/67) of samples were incorrectly diagnosed by cytology. Histological examination of these five cases revealed lesions consistent with fat necrosis with fibroplasia, follicular cyst, and chronic dermatitis and dermal fibroma.
Both sensitivity and PPV of cytopathology and histopathology in the diagnosis of inflammatory processes were 100% (3/3). The inflammatory lesions were eventually confirmed as necrotizing myositis, necro-suppurative cystitis and endocrine inflammatory dermatopathy based on histopathology.
Discussion
Not all cytologic samples were followed by histopathology because some of the dog-owners declined biopsy and/or necropsy for financial reasons.
At the time of sampling for cytopathology and biopsy (or necropsy) for histopathology, the majority of specimens (91%) examined in this study were located cutaneously or subcutaneously while only 9% (6/67) were present in internal organs including kidney, liver, lung, stomach, and spleen. Previous studies had established that cutaneous and subcutaneous tissues were the major locations for tumors in dogs [10] . Whereas mast cell tumors, melanomas and TVT showed preference for certain anatomical locations [11] - [13] , most neoplasms originating from epithelial and mesechymal tissue were non-selective in the anatomical location.
The findings in this study established that cytopathology had high sensitivity and positive predictive values in the diagnosis of cutaneous and subcutaneous solid masses. Previous researchers reported high correlations between cytopathologic and histopathologic diagnosis of solid masses that ranged between 71.4% to 100% [5] [6] [14] [15] . The variation in these correlations was associated with sampling a different situate of the solid mass [9] [11], as well as sampling different tissues. The highest correlation had been reported for musculoskeletal lesions (100%) followed by skin and subcutaneous lesions (91%), gastrointestinal tract (76%) and the lowest correlation for splenic lesions (38%) [9] [11]. Over-diagnosis of neoplasms especially those of epithelial or mesenchymal origin illustrated the difficulty associated with their accurate interpretation and might be caused by dysplastic or hyperplastic changes. A major limitation of this study was that it was not possible to establish the age of the dog when the solid mass first occurred, thus the age of the dog when a diagnosis made was used instead.
Despite the modest sample size, our study showed that the sensitivity and positive predictive value of cytopathology in diagnosing of solid masses in dogs was high. Thus, cytopathology provided quick diagnostically-reliable results in clinical settings, but care must be taken not to over-diagnose.
